Background Depression levels generally decrease substantially following bariatric surgery; however, little is known about bariatric patients who might experience increases in depression following surgery. We examined the frequency of bariatric patients who experienced discernible increases in depression levels following surgery and explored their correlates. Methods Participants were 107 patients with extreme obesity who underwent gastric bypass surgery and were followed up at 6 and 12 months postsurgery. Participants completed selfreport questionnaires about depression (BDI), eating disorder psychopathology (EDE-Q), self-esteem (RSES), and social functioning (SF-36) at baseline and again at 6 and 12 months postsurgery. Results Fourteen (13.1 %) participants reported discernible increases (BDI-Increase), 14 (13.1 %) reported discernible decreases (BDI-Decrease), and 79 (73.8 %) did not report discernible changes (no change) in BDI scores from 6 to 12 months postsurgery. Presurgically, there were no differences between the three groups. By 12 months postsurgery, the BDIIncrease group had significantly higher depression scores and significantly lower self-esteem and SF-36 mental component scores than did the other groups. For the BDI-Increase group, BDI Change was significantly associated with body mass index, self-esteem, and SF-36 physical component scores. Conclusions Findings highlight that a subgroup of individuals report discernible increases in depressive scores postsurgery and may differ in potentially clinically meaningful ways from those who do not report discernible increases in depressive symptoms. Future research is needed to better understand the long-term trajectory of patients with discernible worsening mood following gastric bypass surgery.
Introduction
Obesity is a global health concern associated with substantial economic costs [1] and various medical and psychiatric comorbidities, including depression [2, 3] . The relationship between obesity and depression is complex; a recent metaanalysis of longitudinal studies suggested a bidirectional link between depression and obesity [4] . Clinically, depression tends to improve following weight loss in patients receiving lifestyle modification [5] and undergoing bariatric surgery [6] . While these overall findings are encouraging, a subset of individuals with obesity may develop greater depressive symptoms following weight-loss treatments. For example, Faulconbridge et al. [5] found that 13.9 % of participants in a randomized controlled trial for weight loss reported discernible (or clinically significant) increases in depression. Furthermore, individuals with discernible increases in depressive scores experienced less weight loss and reported more psychiatric comorbidities relative to those without discernible increases in depressive scores [5] .
Research with patients who undergo bariatric surgery has generally found that overall depressive levels tend to decrease substantially following surgery [6] [7] [8] [9] during the short-term [8, [10] [11] [12] and longer-term [6, 7, [12] [13] [14] . The few studies that have examined the relationship between depression and postsurgical weight loss outcomes have yielded mixed findings. Some researchers found a relationship between presurgical depression and excess weight loss postsurgery [15] , while others found that lower preoperative depression scores were related to weight regain postsurgery [16] . Another study reported that postoperative, but not preoperative, depression levels predicted less weight loss postoperatively [7] .
Additionally, greater decreases in depressive scores have been associated with greater percentage of excess weight loss [6] .
While the nature of the relationship between depression and weight loss after bariatric surgery is mixed, even less is known about bariatric patients who might experience increases in depression following bariatric surgery. This is particularly important considering the increased risk of suicide following bariatric surgery [17] . The first study to examine increases in depression postsurgery found that 10.7 % of bariatric patients reported increases in depressive scores 1 year postsurgery, but only 3.8 % reported discernible increases in depressive scores [6] . The insufficient number of patients with discernible increases in depression in the Dixon et al. [6] study precluded any analyses, but the authors speculated about factors that may relate to increases in depression and highlighted the need for empirical research. A second small prospective study using structured clinical interviews reported that three participants (3.5 %) newly developed a clinical depressive disorder following surgery [7] . Except for these two preliminary studies, research has yet to examine discernible worsening in mood following bariatric surgery. Examining discernible differences in mood is important as this represents a clinically meaningful difference in mood (e.g., as defined previously as greater than half a standard deviation and half the range between mild and moderate symptoms of depression [5] ).
The aim of this study was to examine the frequency of bariatric patients who experience discernible increases in depressive symptoms following bariatric surgery and to explore their correlates. If individuals with discernible worsening depressive symptoms differ in meaningful ways from those who exhibit no changes or improvements in depression, prevention and intervention efforts may help facilitate more positive postoperative outcomes for this subset of patients.
Method
Participants were 107 patients with extreme obesity who all underwent gastric bypass surgery and were followed up at 6 and 12 months following surgery. Of the 107 participants, 94 were women and 13 were men, 73 were White (18 identified as Black, 15 as Hispanic, and 1 as Asian), and 24 completed college. Presurgically, participant mean age was 42.7 (SD=10.5) years and mean BMI was 51.7 (SD=7.8).
Procedures
All participants provided informed consent, and the study was IRB-approved. Participants were informed that their responses to the research study would not influence the surgical process and findings were only shared with the treatment team if participants so desired and also provided consent. Prior to gastric bypass surgery, height and weight were measured and participants completed a battery of questionnaires. Weight measurements and self-report questionnaires were repeated 6 and 12 months postsurgery. Beck Depression Inventory BDI [18] is a 21-item self-report measure that assesses current depressive symptoms. The BDI, a well-established measure of depressive symptoms in the mental health and obesity fields [19] , is used widely in clinical evaluations of bariatric surgery patients [20, 21] and in research studies examining depression before and after obesity treatment [19] and bariatric surgery [11, 22] . The BDI is a psychometrically sound measure with excellent reliability and validity [23, 24] . Higher scores indicate greater depressive symptomatology. Generally, scores of 0-9 reflect minimal symptoms, 10-18 reflect mild symptoms, 19-29 reflect moderate, and >29 reflect severe depression symptoms [23] ; studies with bariatric patients have employed these BDI cut-points [22] .
Measures
Eating Disorder Examination-Questionnaire EDE-Q [25] is a self-report version of the EDE semi-structured interview [26] that assesses eating disorder psychopathology. The EDE-Q yields a global score (the mean of four subscales) which is indicative of overall general eating disorder psychopathology severity. The EDE-Q has shown good test-retest reliability in diverse patient groups with obesity [27] . Higher scores are indicative of greater severity.
Rosenberg Self-Esteem Scale RSES [28] is a widely used and well-established 10-item self-report measure of global selfesteem. Items are rated on a scale from 1 (strongly agree) to 4 (strongly disagree). Higher scores are indicative of higher selfesteem.
Medical Outcomes Study Short Form-36 Health Survey SF-36 [29] is a 36-item self-report measure that assesses social functioning. This measure has well-documented reliability and validity [30, 31] . The current study utilized two scores from the SF-36: the physical component summary and the mental component summary [32] . For these summary scores, means are 50 (SD=10) for the US population. Higher scores reflect better functioning.
Data Analyses
A BDI change ≥5 is considered a discernible change in depression [5] . Three groups were created: (1) BDI-Increase group (discernible, or ≥5, increase in BDI scores, (2) BDIDecrease group (discernible, or ≥5, decrease in BDI scores), and (3) no change group (<5 increase or decrease in BDI scores). The groups were established based on BDI changes that occurred between 6 and 12 months postsurgery. We examined the frequency of these three study groups and their BDI scores at the three assessment points. A series of ANCOVAs controlling for weight were conducted to examine differences across the three groups at each time point (preoperatively and 6 and 12 months postoperatively). BDI Change between 6 and 12 months was calculated by subtracting 6 month BDI scores from 12 month BDI scores. BDI changes were correlated with the clinical variables.
Results
The three groups did not differ on sex, race, or education. While age was significantly different between groups, posthoc analyses did not reveal significant between-group differences (Table 1) . Age was not significantly correlated with depression change (p=0.298) and was not used as a covariate; a series of ANCOVAs controlling for age yielded similar findings to those reported here.
Mean Depression Scores and Increases in Depression Scores Postsurgically
Overall, the mean BDI score was an average of 13.1 (SD= 7.8) prior to bariatric surgery and decreased to an average of 5.43 (SD = 5.32) and 5.0 (SD = 5.5) 6 and 12 months postsurgery, respectively. From presurgery to 6 months postsurgery, no (0) participants reported discernible increases in BDI scores. From presurgery to 12 months postsurgery, 4 (3.7 %) reported discernible increases in BDI scores. From 6 to 12 months postsurgery, 14 (13.1 %) reported discernible increases in BDI scores. The four participants with discernible BDI increases from presurgery to 12 months postsurgery also had discernible increases from 6 to 12 months postsurgery. Therefore, all participants with any discernible increases were captured in the 6 to 12 month time frame. The majority (n=79, 73.8 %) met criteria for the no change group, while 13.1 % (n=14) met criteria for the BDIIncrease group and 13.1 % (n=14) met criteria for the BDI-Decrease group.
Depression Group Differences Presurgically and 6 and 12 Months Postsurgically
Presurgically, the three groups did not differ on BDI, EDE-Q, RSES, SF-36 mental component, or SF-36 physical component scores ( Table 2 ). At 6 months postsurgery, the groups did not differ on EDE-Q, SF-36 mental component, or SF-36 physical component scores, but differed on BDI and RSES scores. Specifically, the BDI-Decrease group had significantly higher BDI scores than did the no change and BDI-Increase groups. RSES differences did not produce significantly different posthoc tests. At 12 months postsurgery, the groups differed on BDI, RSES, and SF-36 mental component scores. Specifically, the BDI-Increase group had significantly higher BDI scores and significantly lower RSES and mental component scores than did both the no change and BDI-Decrease groups; however, no significant differences emerged for BMI, EDE-Q, and SF-36 physical component scores among groups. Figure 1 illustrates BDI scores from presurgery to 6 and 12 months postbariatric surgery for each group. Although BMI did not significantly differ by group, the BDI-Decrease group lost an average of 99.3 (SD=26.4) lb, the no change Figure 2 illustrates average weights from presurgery to 6 and 12 months postsurgery for each group. Fig. 2 Weight mean scores presurgically and 6 and 12 months shown separately for the BDI-Increase (n=14), no change (n=79), and BDIDecrease (n=14) groups suicidal ideation at baseline, 6 months, or 12 months postsurgery. Twelve (11.2 %) participants reported suicidal ideation and the majority (9 or 75 %) of those who reported any suicidal ideation did so only at baseline. Three participants (25 % of the group endorsing any suicidal ideation or 2.8 % of the overall group) reported an increase in suicidal ideation at 12 months postsurgery. Two of the three participants with reported increases in suicidal ideation were in the BDI-Increase group, and one was in the no change group. Of note, in all cases, participants who reported suicidal ideation endorsed the following item: "I have thoughts of killing myself, but I would not carry them out." Therefore, these participants endorsed passive suicidal thoughts, but did not endorse active suicidal plans or intent.
Associations of Clinical Variables with Changes in Depression Scores

Discussion
To our knowledge, this is the first study to examine patients with worsening depressive symptoms 6 and 12 months following gastric bypass surgery. The primary aim was to investigate the frequency of discernible increases in depressive scores (BDI increases ≥5) and their correlates postsurgery. Consistent with previous research [6] [7] [8] [9] , we observed overall substantial mean reductions in depression levels, reaching scores reflective of normal mood by 6 and 12 months postsurgery. Despite these overall mean improvements, a subgroup of patients reported discernible worsening in mood postoperatively. From baseline to 6 months postsurgery, no participants reported discernible worsening in mood; yet, 3.7 % reported discernible worsening in mood from presurgery to 12 months postsurgery, and 13.1 % reported discernible worsening in mood from 6 to 12 months postsurgery. Thus, the majority of patients with discernible worsening in mood experienced these mood changes between 6 and 12 months postsurgery, suggesting this may be a critical period for early detection and intervention as needed.
Two recent bariatric studies discussed increases in depression following surgery [6, 7] , but only one examined discernible increases in depressive symptoms [6] , while the other examined a categorical diagnosis of depression [7] . Consistent with the present findings, Dixon et al. [6] found that 3.8 % of participants reported discernible increases in BDI scores one year post-lap band surgery; however, discernible differences in BDI scores between 6 and 12 months were not examined. When investigating discernible increases in BDI-II scores at 12 months following a non-surgical weight loss treatment, the frequency (13.9 %) was much higher [5] . It is unknown whether bariatric or non-bariatric treatments yield differences in discernible worsening mood; however, one study comparing bariatric to lifestyle modification among patients with obesity and binge eating disorder found similar changes in depressive symptoms between groups at 12 months, even when controlling for binge eating [33] . Importantly, however, the lifestyle modification group reported mean increases in depressive scores from 6 to 12 months (6.3 to 11.7, respectively) despite weight stabilization during that time. Thus, converging lines of research from both surgical and nonsurgical weight loss treatments suggest that 6 to 12 months posttreatment may be a key period to assess for depression.
This study also compared three groups of patients: those with discernible worsening in mood (BDI-Increase), no discernible changes in mood (no change), and discernible improvements in mood (BDI-Decrease) following gastric bypass surgery. While the three groups did not differ on demographic or clinical variables presurgically, at the 6-month assessment, the BDI-Decrease group reported higher depression scores than both the BDI-Increase and no change groups. In contrast, 12 months postoperatively, the BDI-Increase group reported significantly higher depression scores and lower self-esteem and mental components of social functioning than did the remaining two groups. It is noteworthy that BDI Change from 6 to 12 months postsurgery was significantly associated with 12-month BMI and negatively associated with physical components of social functioning and self-esteem only within the BDI-Increase group. Given that all three groups did not differ in BMI, it is interesting that BMI was related to changes in depressive scores for only patients with worsening depressive symptoms. In a non-surgical weight loss treatment study, those with discernible worsening mood 1 year posttreatment lost less weight 18 and 52 weeks posttreatment; however, this was not the case in this bariatric group. We speculate that significantly lower self-esteem among the BDI-Increase group may contribute to this finding (12-month BMI and 12-month self-esteem correlation, r=−0.61).
Finally, the majority of gastric bypass patients did not endorse suicidal ideation at any assessment period; however, a few patients reported new passive suicidal ideation postsurgery. Active suicidal ideation was not endorsed by any of the patients in the present study. Although recent research indicates that bariatric patients may be at increased risk for suicide than the general population [17, 34] , risk for suicide may occur later than 1 year postsurgery. Perhaps, increases in suicidal ideation in this group would have been captured later as weight loss ceases and/or weight becomes more stable. In fact, one study found that 30 % of suicides occurred during the first two years postsurgery but nearly 70 % occurred during the first three years postsurgery [17] .
Our findings should be interpreted within the context of several study limitations. First, participants underwent gastric bypass surgery and findings may not generalize to other types of bariatric surgeries or to different developmental eras. Future research should replicate this study with adolescents undergoing bariatric surgery [35] . Second, given that a small subset of participants met criteria for the BDI-Increase and BDIDecrease groups, larger sample sizes would yield greater power to detect between-group differences of smaller effect sizes; we note, however, that even with the small groups, we did detect meaningful differences. Third, follow-up assessments were limited to the period through 12 months postsurgery and longer-term follow-up is needed to better understand the trajectory and severity of discernible worsening mood over time. Fourth, use of antidepressant therapy or other forms of mental health treatment were not assessed during the postoperative period. Thus, we are unable to correlate changes in depression levels with changes in any ongoing treatments. One study with post-RYGB patients reported that 40 % of patients experienced no changes in antidepressant use post-RYGB; while others may have increased or decreased use [36] . Similarly, predictors of depressive changes were not assessed. Lastly, it is important to keep in mind that BDI scores decreased over time for the overall group and mean depressive scores for the BDI-Increase group were indicative of only subthreshold or mild mood disturbances; these increases may not warrant clinical intervention. Future research with larger samples and longer-term follow-ups are needed to allow for more sophisticated analyses, including for example, exploration of potential mediational effects of weight changes on depression levels.
